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Abstract—This paper presents the design of a compact dual-
polarized VHF microstrip antenna for modern small satellites. It
consists of a slot-loaded annular-ring microstrip antenna printed
on a light substrate to reduce its mass. A simple matching circuit
is proposed to match the high input impedance of this antenna
while enabling the generation of a dual linear-polarization. The
size of the proposed design is finally equal to 450 mm at 161 MHz,
i.e. λ0/4.
I. INTRODUCTION
To reduce the mission cost and development time within
the space industry, modern small satellites are increasingly
used [1]. These compact satellites are well adapted for various
applications such as Earth observation, telecommunications,
or military applications. However, they often require multi-
ple radio-communication systems that must accordingly be
reduced in size. If the sizes of electronics needed for satellite
applications have decreased substantially, the design of com-
pact antennas remains a challenge [2]. Indeed, to be efficient,
the size of an antenna should be equal, or larger than, half a
wavelength, which can lead to very large antennas, especially
in the VHF and UHF bands (wavelength between 30 cm and
10 m). The miniaturization of antennas is still possible, but at
the expense of their bandwidth, gain, and polarization purity.
Among the basic space radiators (monopoles, helices, reflec-
tors . . . ), microstrip antennas exhibit some interesting features
when considering their integration on small satellites. Indeed,
due to their low-profile geometry, they can be flush-mounted in
the satellite’s body, or even deployed in an array configuration
to increase the overall antenna gain. However, microstrip
antennas may remain bulky for low frequency applications.
Several miniaturization techniques have been proposed to
reduce the size of microstrip antennas [2]. A classical tech-
nique consists in loading the antenna with lumped-elements
or short circuits. However, cross-polarization characteristics
often suffer when loaded with parasitic elements. One can
also use a dielectric substrate with a high permittivity in order
to reduce the guided wavelength, and therefore the size of
the antenna. Nevertheless, such a solution usually leads to
heavier antennas that may substantially increase the mass of
the satellite, and then the mission cost. Another way to make a
microstrip antenna smaller is to modify its shape, for example
by inserting slots to meander the currents.
In this paper, we proposed a compact dual-polarized VHF
microstrip antenna design working at 161 MHz and suitable
for modern small satellites. This antenna is based on several
modifications of an annular-ring microstrip antenna (ARMA).
The first section deals with the miniaturization of such an
ARMA by loading it with multiple slots. Then, a technique
to match the high input impedance of the small slot-loaded
ARMA to a 50 Ω coaxial connector is proposed. Finally, a
way to implement a dual linear-polarization is presented.
II. ANNULAR-RING MICROSTRIP ANTENNA
MINIATURIZATION
A. Conventional Annular-Ring Microstrip Antenna
The well-known ARMA has the advantage of being intrinsi-
cally smaller than the square and circular microstrip antennas.
Nevertheless, its larger dimension (i.e. its outer diameter)
remains important at the chosen frequency of 161 MHz, and
efficient miniaturization techniques must be implemented.
Due to the requirements of light and low-profile microstrip
antennas, a 30 mm thick, low-loss, and light dielectric sub-
strate has been considered. Unfortunately, such a light material
has a small relative dielectric permittivity ǫr equal to 1.07,
which does not contribute to the size reduction of the ARMA.
Thus, considering a classical ARMA with an outer radius b
equal to 225 mm (i.e. an outer diameter 2b equal to λ0/4 at
161 MHz) and an inner radius a equal to 112.5 mm, we obtain
a simulated resonant frequency at 278 MHz for the TM11
mode. Note that it is not possible to match the TM11 mode of
the ARMA using a 50 Ω coaxial probe directly connected
to the ring through the ground plane [3]. As a result, the
resonant frequency of the TM11 mode has been determined
by observing the complex input impedance of the antenna.
B. Slot-Loaded Annular-Ring Microstrip Antenna
One way to reduce the resonant frequency of the ARMA, is
to introduce multiple slots at its inner and outer periphery [4],
[5]. As shown in Fig. 1 and Fig. 2, various geometries are
possible depending on the number of slots Nslot, the slot
length Lslot and the slot width Wslot. For instance, Fig. 1
presents several slot-loaded ARMA geometries for different
number of slots Nslot, while Fig. 2 focuses on the variation
of the slot length Lslot for a given number of slots Nslot.
(a) Nslot = 4 (b) Nslot = 8
(c) Nslot = 16 (d) Nslot = 32
Fig. 1. Slot-loaded ARMA geometries as a function of the number of slots
Nslot (a = 112.5 mm, b = 225 mm, Lslot = 60 mm, andWslot = 10 mm)
(a) Lslot = 0 mm (b) Lslot = 30 mm
(c) Lslot = 60 mm (d) Lslot = 100 mm
Fig. 2. Slot-loaded ARMA geometries as a function of the slot length Lslot
(a = 112.5 mm, b = 225 mm, Nslot = 32, and Wslot = 10 mm)
Fig. 3. Simulated resonant frequency of the slot-loaded ARMA as a function
of the number of slots Nslot and the slot length Lslot (a = 112.5 mm,
b = 225 mm, and Wslot = 10 mm)
In Fig. 3, one can see the simulated resonant frequency of
the slot-loaded ARMA as a function of the number of slots
Nslot and the slot length Lslot. As expected, the resonant
frequency of the ARMA reduces when slots are introduced.
For a given number of slots Nslot, increasing the slot length
Lslot leads to a reduction of the resonant frequency. For a
given slot length Lslot, increasing the number of slots Nslot
also leads to a reduction of the resonant frequency. Note that
the slot width Wslot can be increased as well to reduce the
resonant frequency.
Finally, a slot-loaded ARMA with a = 112.5 mm, b =
225 mm, Nslot = 32, Lslot = 75 mm, and Wslot = 10 mm
exhibits a resonance at 161 MHz for the TM11 mode.
Nevertheless, such a design still presents a very high input
impedance that makes it hard to match with a 50 Ω coaxial
probe through the ground plane.
III. IMPEDANCE MATCHING OF THE SLOT-LOADED
ANNULAR-RING MICROSTRIP ANTENNA
One solution to match a slot-loaded ARMA using a 50 Ω
coaxial probe through the ground plane is to introduce a
microstrip transmission line in its center [6]–[8]. As shown in
Fig. 4, both ends of this microstrip transmission line are con-
nected to the inner periphery of the annular-ring. Therefore,
the coaxial probe can be moved away from the annular-ring to
find the position where the input impedance is equal to 50 Ω
on the microstrip transmission line. Finally, one can match
the very high input impedance of the slot-loaded ARMA to
the 50 Ω coaxial probe by varying the microstrip transmission
line width Wline and the position of the coaxial probe ∆SMA
relative to the center of the annular-ring. However, it is
important to mention that adding a microstrip transmission
line in the center of the slot-loaded ARMA tends to increase
its resonant frequency. Thus, additional slots are required to
obtain the desired resonant frequency.
Fig. 5 presents the magnitude of the simulated reflection
coefficient |S11| as a function of the frequency for a matched
slot-loaded ARMA (a = 112.5 mm, b = 225 mm, Nslot = 40,
Lslot = 100 mm, Wslot = 7.5 mm, Wline = 4.5 mm, and
Fig. 4. Geometry of the slot-loaded ARMA with a microstrip transmission
line for impedance matching
Fig. 5. Magnitude of the simulated reflection coefficient |S11| as a function
of the frequency for the matched slot-loaded ARMA (a = 112.5 mm, b =
225 mm, Nslot = 40, Lslot = 100 mm, Wslot = 7.5 mm, Wline =
4.5 mm, and ∆SMA = 15 mm)
Fig. 6. Geometry of the single probe-fed dual-polarized slot-loaded ARMA
∆SMA = 15 mm). We observe a good impedance matching
at 160.77 MHz with a minimum reflection coefficient |S11| =
−36 dB. The relative bandwidth is small since it is equal to
0.07 % at -20 dB, but as it is well-known, electrically small
antennas have high quality factors that reduce the maximum
attainable bandwidth [9].
IV. DUAL LINEAR-POLARIZATION OF THE SLOT-LOADED
ANNULAR-RING MICROSTRIP ANTENNA
The impedance matching technique proposed in the previous
section has the significant advantage of allowing the slot-
loaded ARMA to achieve a dual-linear polarization radiation.
Actually, as shown in Fig. 6, two orthogonal TM11 modes
can be excited at the same frequency using two orthogonal
microstrip transmission lines (i.e. a cross microstrip transmis-
sion line geometry) associated with two orthogonal coaxial
probes. Each linear polarization is then generated using a
single coaxial probe, which means a total of two probes for a
dual linearly-polarized antenna.
Fig. 7 shows the simulated antenna gain in the E-plane
for the single probe-fed dual-polarized slot-loaded ARMA
Fig. 7. Simulated antenna gain in the E-plane for the single probe-fed dual-
polarized slot-loaded ARMA (a = 112.5 mm, b = 225 mm, Nslot = 40,
Lslot = 100 mm, Wslot = 7.5 mm, Wline = 4.5 mm, and ∆SMA =
15 mm)
presented in Fig. 6. An asymmetric pattern is observed for
the co-polarization due to the probe leakage radiation [10].
Besides, we note a significant cross-polarization level that is
only 10 dB below the peak co-polarization level. The high
level of cross-polarization is mostly caused by the dissymme-
try of the feeding network of the antenna as well as the mutual
coupling between the two orthogonal probes.
To obtain a symmetric pattern for the co-polarization and
reduce at the same time the cross-polarization level, a dual-
probe feeding technique is implemented [10]. Considering a
single linear polarization operation, the dual-probe feeding
technique consists in adding a second coaxial probe which is
symmetrically located with respect to the center of the cross-
microstrip line to the first coaxial probe. The excitation of
this second probe is of equal magnitude but opposite phase to
that of the first one. Therefore, the leakage radiation from the
second probe is out of phase with that of the first probe, and
thus the two cancel. As shown in Fig. 8, two coaxial probes
are used for each linear polarization, i.e. a total of four coaxial
probes in the case of a dual-linear polarization operation. After
optimization, we obtain the following dimensions for the dual
probe-fed dual-polarized slot-loaded ARMA: a = 112.5 mm,
b = 225 mm, Nslot = 40, Lslot = 100 mm, Wslot = 7.5 mm,
Wline = 6.5 mm, and ∆SMA = 9.5 mm.
In Fig. 9, it can be found that the simulated resonant
frequency of the dual probe-fed dual-polarized slot-loaded
ARMA is close to 161 MHz, and its relative bandwidth is
equal to 0.07 % at -20 dB. Note that the active S-parameters
have to be considered in that case.
Fig. 10 presents the simulated antenna gain in the E-plane
and in the H-plane. We now observe a symmetric pattern for
the co-polarization as well as a strong reduction of the cross-
polarization level in both planes.
Fig. 8. Geometry of the dual probe-fed dual-polarized slot-loaded ARMA
Fig. 9. Magnitude of the simulated active S-parameters as a function of
the frequency for the dual probe-fed dual-polarized slot-loaded ARMA (a =
112.5 mm, b = 225 mm, Nslot = 40, Lslot = 100 mm, Wslot = 7.5 mm,
Wline = 6.5 mm, and ∆SMA = 9.5 mm)
V. CONCLUSION
A compact dual-polarized VHF microstrip antenna for mod-
ern small satellites has been presented. It is based on several
modifications of an annular-ring microstrip antenna that has
been printed on a light substrate to reduce its mass. The
miniaturization of the antenna has been performed by inserting
multiple slots in its periphery. A simple matching circuit has
also been proposed to match the high input impedance of
this antenna while enabling the generation of a dual linear-
polarization. Results have shown a reduction of the resonant
frequency by a factor of 1.73 while keeping good radiation
properties.
Future work will focus on the design of a compact mi-
crostrip feeding network beneath the ground plane of the
antenna to achieve the required amplitude and phase for the
four probes.
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